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(54) Torque sensor for a power assist steering system 



(57) A torque sensor (32) for a power assist steering 
system (10) for sensing applied torque between relative- 
ly rotatable input and output shafts (16, 17) which are 
connected by a torsion element (1 8) comprises an input 
transformer (T1 ) and a rotary transmitter (60) connected 
for rotation with the input shaft. The rotary.transmitter 
(60) has a plurality of transmitter pole segments (108) 
defined by a plurality of slots (1 06). The rotary transmit- 
ter (60) includes a transmitter coil (70) electrically con- 



nected with the input transformer (T1). The transmitter 
coil (70) completely encircles .each of the transmitter 
pole segments (108) individually and has two sections 
disposed in each of the plurality of slots (1 06). A rotary 
receiver (72) is axially spaced from the rotary transmitter 
(60) and is connected for rotation with the output shaft 
(1 7). The rotary receiver (72) includes a pair of one re- 
ceiver coils (76, 78). Output transformers (T2, T3) are 
respectively electrically connected with the receiver 
coils (76, 78). 
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Description 



Summary of the Invention 



Technical Field 

[0001] The present invention is directed to the art of 
torque sensors and, more particularly, to a torque sen- 
sor for use in a power assist vehicle steering system. 

Background of the Invention 

[0002] Power assist steering systems are well known 
in the art and are frequently employed for use with au- 
tomotive vehicles. The power assist is accomplished by 
applying a supplementary rotary force to a steering 
member. Such systems may be controlled in response 
to a driver's applied torque to the vehicle's steering 
wheel. Some of the known systems provide steering as- 
sist using hydraulic power, while other known systems 
use electric power. 

[0003] U.S. Patent No. 4,682,104 discloses an angu- 
lar displacement sensor for use in detecting applied 
steering torque between an input shaft and an output 
shaft. The shafts are coaxially aligned with each other 
and rotatable relative to each other about a common ax- 
is. The sensor includes an input rotary transformer 
which includes a stationary primary winding and a rotary 
secondary winding. The secondary winding is mounted 
on one face of an annular disc which is, in turn, mounted 
on the input shaft for rotation therewith. A pair of detec- 
tion disks, including a transmitter disk and a receiver 
disk, are axially displaced from the input rotary trans- 
former. The opposing faces of these disks carry identical 
planar coils. The coils extend in the shape of spirally 
wound sectors which are coiled alternately in opposing 
directions and which coaxially surround the common ax- 
is of the input and output shafts. An AC voltage applied 
to the primary winding of the input rotary transformer is 
applied to the planar coils on the transmitter disk. This 
causes a voltage to be induced in the planar coils mount- 
ed on the receiver disk. An output rotary transformer 
having a primary winding coaxially surrounds the output 
shaft. The output transformer includes a stationary sec- 
ondary winding on another disk axially spaced from the 
primary winding of the output transformer. An output sig- 
nal, which varies with angular deviation between the in- 
put and output shafts, is provided by the output trans- 
former. 

[0004] U.S. Patent No. 5,442,956 discloses a torque 
sensor for a power assist steering system which is sim- 
ilar to the sensor of U.S. Patent No. 4,682, 1 04, but which 
does not employ a transmitter or receiver disk carrying 
planar coils wound alternately in opposing directions. 
Further, the torque sensor includes first and second 
coils wound on the receiver disk which are connected 
with first and second output rotary transformers, respec- 
tively. 



[0005] The present invention is a torque sensor for a 
power assist steering system for sensing applied torque 
5 between relatively rotatable input and output shafts 
which are connected by a torsion element. The torque 
sensor comprises a rotary input transformer for provid- 
ing an input signal and a rotary transmitter connected 
for rotation with the input shaft. The rotary transmitter 
10 has a radially extending transmitter face divided into a 
plurality of transmitter pole segments by a plurality of 
radially extending slots. The rotary transmitter includes 
a transmitter coil electrically connected with the rotary 
input transformer. The transmitter coil completely encir- 
15 cles each of the transmitter pole segments individually 
and has two sections disposed in each of the plurality 
of slots. A rotary receiver is axially spaced from the ro- 
tary transmitter and is connected for rotation with the 
output shaft. The rotary receiver includes at least one 
20 receiver coil. A rotary output transformer for providing 
an output signal is electrically connected with the at least 
one receiver coil. 

[0006] In accordance with one aspect of the invention, 
the rotary receiver has a radially extending receiverface 

25 divided into a plurality of receiver pole segments by a 
plurality of radially extending receiver slots. The plurality 
of receiver pole segments comprises alternating first 
and second receiver pole segment pairs. Each of the 
first and second receiver pole segment pairs comprises 

30 an adjacent pair of the receiver pole segments. Each of 
the first receiver pole segment pairs is disposed circum- 
ferentially between two of the second receiver pole seg- 
ment pairs and is separated from the second receiver 
pole segment pairs by a first group of the plurality of re- 

35 ceiver slots in the receiver face. A second group of the 
plurality of receiver slots in the receiver face extends 
between each of the adjacent pairs of the receiver pole 
segments in each of the first and second receiver pole 
segment pairs. 

40 [0007] The rotary receiver includes a first receiver coil 
and a second receiver coil. The first receiver coil com- 
pletely encircles each of the first receiver pole segment 
pairs and has two sections disposed in each of first 
group of receiver slots separating the first and second 

45 receiver pole segment pairs. The second receiver coil 
completely encircles each of a plurality of combined re- 
ceiver pole segment pairs comprising one of the first re- 
ceiver pole segment pairs and an adjacently disposed 
one of the second receiver pole segment pairs. The sec- 

50 ond receiver coil has two sections disposed in each of 
the second group of receiver slots extending between 
each of the adjacent pairs of the receiver pole segments 
in each of the first and second receiver pole segment 
pairs. A first rotary output transformer is electrically con- 

55 nected with the first receiver coil and a second rotary 
output transformer is electrically connected with the sec- 
ond receiver coil. 
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Brief Description of the Drawings 

[0008] The foregoing and other features of the 
present invention will become apparent to those skilled 
in the art to which the present invention relates upon 
reading the following description with reference to the 
accompanying drawings, wherein: 



of limiting same. Fig. t illustrates a power assist steering 
system 10 including a steering wheel 12 operatively 
connected to a pinion gear 1 4. The steering wheel 1 2 is 
connected to an input shaft 1 6 and the pinion gear 1 4 is 
5 connected to an output shaft 17. The input shaft 16 is 
operatively connected to the output shaft 1 7 through a 
torsion bar 18. The torsion bar 18 twists in response to 
applied steering torque thereby permitting relative rota- 
tion between the input shaft 1 6 and the output shaft 1 7 
about a common axis 19 (Fig. 2). 
[0010] The pinion gear 14 has helical gear teeth (not 
shown) which meshingly engage with gear teeth (not 
shown) on a rack member 20. The pinion gear 14 in 
combination with the gear teeth on the rack member 20 
form a rack and pinion gear set. The rack member 20 is 
coupled to the vehicle's steerable wheels 22, 24 with 
steering linkage in a known manner. When the steering 
wheel 1 2 is turned, the rack and pinion gear set converts 
the rotary motion of the steering wheel into a linear mo- 
tion of the rack member 20. When the rack member 20 
moves linearly, the steerable wheels 22, 24 pivot about 
their respective steering axes (not shown) and the ve- 
hicle is steered. 

[001 1 ] An electric assist motor 26 is drivingly connect- 
ed to the rack member 20. When the electric motor 26 
is energized, it provides power assist steering so as to 
aid in the rotation of the vehicle steering wheel 12 by the 
vehicle operator. A position sensor 30 is operatively con- 
nected across the input shaft 1 6 and the output shaft 1 7 
and provides an electrical signal having a value repre- 
sentative of the relative rotational position between the 
input shaft and the output shaft. The position sensor 30 
in combination with the torsion bar 1 8 form a torque sen- 
sor 32. The output signal of the torque sensor 32 is in- 
dicative of the applied steering torque to the vehicle 
steering wheel by the vehicle operator. The output signal 
from the torque sensor 32 is supplied to a control circuit 
34 which processes the output signal and separates it 
into a directional signal and a magnitude signal, and 
then utilizes these signals to control the electric motor 
26. 

[0012] Reference is now made to Fig. 2 which illus- 
trates the torque sensor 32 in greater detail. The torque 
sensor 32 includes a torsion bar 1 8 which interconnects 
the steering wheel input shaft 1 6 with a pinion gear out- 
put shaft 17 in a known manner, such as described in 
U.S. Patent 5,442,956. An annular input rotor 42 coax- 
ially surrounds and is suitably mounted to the input shaft 
16 for rotation therewith. Axially spaced from the input 
rotor 42, an annular output rotor 44 coaxially surrounds 
and is suitably mounted to the output shaft 1 7 for rotation 
therewith about the common axis 1 9. The input rotor 42 
and the output rotor 44 are angularly movable relative 
to each other about the common axis 1 9. Torsion applied 
to the torsion rod 18 will result in relative angular rotation 
of the input rotor 42 with respect to the output rotor 44, 
the extent of which rotation is to be measured by the 
torque sensor 32 described herein. 



Fig. 1 is a schematic block diagram illustrating a 
power assist steering system having a torque sen- 10 
sor for sensing torque applied to a vehicle steering 
wheel; 

Fig. 2 is a sectional view illustrating a torque sensor 
constructed in accordance with the present inven- 
tion; 15 
Fig. 2A is a schematic diagram of the circuitry em- 
ployed in the present invention; 
Fig. 3A is a side view of a first component of the 
torque sensor of Fig. 2, the first component being 
shown in an interim manufacturing condition; 20 
Fig. 3B is a sectional view taken along line 3B-3B 
in Fig. 3A; 

Fig. 4A is a side view of the first component of the 
torque sensor shown in Fig. 3A, the first component 
being shown in a completed manufacturing condi- 25 
tion: 

Fig. 4B is a sectional view taken along line 4B-4B 
in Fig. 4A; 

Fig. 5A is a left side view of a second component of 
the torque sensor of Fig. 2, the second component 30 
being shown in a first interim manufacturing condi- 
tion; 

Fig. 5B is a sectional view taken along line 5B-5B 
in Fig. 5A; 

Fig. 6A is a left side view of the second component 35 
of the torque sensor shown in Fig. 5A, the second 
component being shown in a second interim man- 
ufacturing condition; 

Fig. 6B is a sectional view taken along line 6B-6B 
in Fig. 6A; *o 
Fig. 7A is a right side view of the second component 
of the torque sensor shown in Fig. 6A, the second 
component being shown in a third interim manufac- 
turing condition; 

Fig. 7B is a sectional view taken along line 7B-7B 45 
in Fig. 7A; 

Fig. 8A is a right side view of the second component 
of the torque sensor shown in Fig. 7A, the second 
component being shown in a completed manufac- 
turing condition; and 50 
Fig. 8B is a sectional view taken along line 8B-8B 
in Fig. 8A. 



Description of a Preferred Embodiment 

[0009] Reference is now made to the drawings where- 
in the showings are for purposes of illustrating a pre- 
ferred embodiment of the invention and not for purposes 
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[001 3] The rotors 42 and 44 are coaxially surrounded 
by a stationary stator 46. The rotors 42 and 44 and the 
stator 46 may be constructed of metal, such as alumi- 
num, or plastic. The rotors 42 and 44 and the stator 46 
are not part of the magnetic circuit employed for sensing 5 
relative angular rotation between the rotors. 
[001 4] Before describing Fig. 2 in further detail, atten- 
tion is briefly directed to the circuitry of Fig. 2A. The cir- 
cuitry includes a rotary input transformer T1 having a 
stationary primary winding connected to an AC input 10 
voltage V IN and a rotary secondary winding. As will be 
brought out hereinafter, the rotary secondary winding 
coaxially surrounds and rotates with the input shaft 16 
about the common axis 19. The secondary winding is 
electrically connected to a transmitter coil which is axi- '5 
airy spaced therefrom and which also rotates with the 
input shaft 16 about the common axis 19. A pair of re- 
ceiver coils are electrically displaced from each other. 
These receiver coils are axially spaced from the trans- 
mitter coil and rotate with the output shaft 17. The re- 20 
ceiver coils are respectively connected to the primary 
windings of rotary output transformers T2 and T3. The 
primary windings of transformers T2 and T3 also rotate 
with the output shaft 17. The secondary windings of 
transformers T2 and T3 are stationary and provide a pair 25 
of output signals which are applied to the control circuit 
34 for controlling the electric motor 26. 
[0015] As shown in Fig. 2, the stator 46 carries an A 
annular transformer core 50 which coaxially surrounds 
a portion of the input rotor 42 and is spaced from the 30 
input rotor. As viewed in Fig. 2 ; the core 50 is U-shaped 
in cross-section, providing an annular channel for re- 
ceiving and carrying a primary winding 52. The primary 
winding 52 carried by the transformer core 50 coaxially 
surrounds a portion of the input rotor 42. 35 
[0016] Spaced radially inwardly across an air gap 53 
there is provided an annular transformer core 54 which 
is carried by the rotor 42. The transformer core 54 car- 
ries a secondary winding 56 which coaxially surrounds 
a portion of the rotor 42 and is rotatable with the rotor *o 
about the common axis 1 9. The transformer core 50 and 
the primary winding 52 form the stationary portion of a 
transformer T1 and the transformer core 54 and the sec- 
ondary winding 56 form the rotary portion of the rotary 
transformer T1 . The transformer cores 50 and 54 are *5 
preferably constructed of a magnetically permeable ma- 
terial, such as powdered iron, ferrite filled plastic, or soft 
ferrite, to confine the magnetic circuit to the transformer 
cores which immediately surround the primary winding 
52 and the secondary winding 56. 50 
[0017] The transformer core 54 forms a portion of a 
rotary transmitter 60. The rotary transmitter 60 includes 
an annular transmitter core 62 which confines the sen- 
sor flux path. The rotary transmitter 60 further includes 
a transmitter coil 70 which is made of bendable magnet 55 
wire and which is described in greater detail hereinafter 
with reference to Figs. 3A and 3B. The transmitter coil 
70 is electrically connected with the secondary winding 



56 of the rotary input transformer T1 . 
[0018] A rotary receiver 72 is axially spaced from the 
rotary transmitter 60. The rotary receiver 72 is carried 
by the output rotor 44 and rotates therewith about the 
common axis 1 9. The rotary receiver 72 has an associ- 
ated receiver core 74 which is also mounted to the out- 
put rotor 44 and rotates therewith about the common 
axis 19. The receiver core 74 is preferably constructed 
of the same material discussed above with reference to 
the transformer core 54. The rotary receiver 72 carries 
first and second receiver coils 76 and 78, respectively 
which are described in greater detail hereinafter with ref- 
erence to Figs. 5A-8B. The second receiver coil 78 is 
angularly offset from the first receiver coil 76 and elec- 
trically insulated therefrom. The first receiver coil 76 is 
connected across the primary winding 80 of the rotary 
output transformer T2 and the second receiver coil 78 
is connected across the primary winding 82 of the rotary 
output transformer T3. The secondary winding 84 of the 
transformer T2 and the secondary winding 86 of the 
transformer T3 are connected to the control circuit 34. 
The transmitter core 62 and the receiver core 74 serve 
to confine the flux paths, to the respective magnetic cir- 
cuit associated with each of the coils 70, 76, 78 and pro- 
vide a high permeable magnetic return path for the flux 
from one pole to the next. 

[0019] The transformer T2 has its primary circuit car- 
ried by the rotor 44. The receiver core 74 receives the 
primary winding 80 of the transformer T2. The second- 
ary winding 84 of the transformer T2 is carried by the 
stationary stator 46. This includes an annular transform- 
er core 92 which is radially spaced from and coaxially 
surrounds a portion of the rotor44. The transformer core 
92 is U-shaped in cross-section and defines a channel 
which faces toward the rotor 44 and which carries the 
stationary secondary winding 84 of the transformer T2. 
Thus, the secondary winding 84 is radially spaced from 
and coaxially surrounds the primary winding 80 on the 
receiver core 74. 

[0020] The transformer T3 also has its primary circuit 
carried by the output rotor 44. The receiver core 74 also 
receives the primary winding 82 so that the primary 
winding coaxially surrounds a portion of the rotor 44 for 
rotation therewith about the common axis 19. 
[0021] The secondary circuit of the transformer T3 is 
carried by the stationary, stator housing 46. This in- 
cludes a transformer core 98 which is an annular mem- 
ber coaxially surrounding and radially spaced outward 
from the rotor 44. The transformer core 98 is secured to 
the stator housing 46 and has a U-shaped cross-section 
which defines an annular channel facing toward the ro- 
tor 44. The U-shaped channel in the transformer core 
98 carries the secondary winding 86 which coaxially sur- 
rounds and is radially spaced from the primary winding 
82 of the transformer T3. 

[0022] A spacer 99 separates the transformer cores 
92 and 98 from each other to limit cross talk between 
the secondary windings 84 and 86, respectively, of the 
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transformers 12 andT3. Similarly, an air gap 101 sep- 
arates the primary windings 80 and 82 from each other 
to minimize cross talk between the primary windings 80, 
respectively, of the transformers T2 and T3. 
[0023] Referring now to Figs. 3A-4B, the transmitter 5 
core 62 has a face 1 00 extending radially between a cy- 
lindrical outer surface 102 and a cylindrical inner surface 
1 04. A plurality of radially extending slots 1 06 in the face 
100 divide the face into a plurality of transmitter pole 
segments 1 08. The transmitter pole segments 1 08 face 10 
towards similar pole segments on the receiver 72 de- 
scribed in detail below. In the illustrated embodiment, 
there are twelve transmitter pole segments 108 sepa- 
rated by twelve radially extending slots 106, with the 
slots being spaced 30° from each other about the com- 15 
mon axis 19. 

[0024] Each of the transmitter pole segments 1 08 is 
partially defined by a respective portion of the cylindrical 
outer surface 102 and a respective portion of the cylin- 

( drical inner surface 104. Each of the transmitter pole 20 

segments 108 is further defined by radially extending 
first and second side surfaces 1 1 2 and 114, respectively. 
Each of the first side surfaces 112 partially defines one 
of the plurality of radially extending slots 1 06 on one side 
of each transmitter pole segment 1 08. Each of the sec- 25 
ond side surfaces 114 partially defines another of the 
plurality of radially extending slots 1 06 on the other side 
of each transmitter pole segment 1 08. 
[0025] The plurality of transmitter pole segments 1 08 
comprises alternating first and second transmitter pole 30 
segments 120 and 122, respectively. Each of the first 
transmitter pole segments 1 20 is disposed circumferen- 
tially between two of the second transmitter pole seg- 
ments 122. The transmitter coil 70 is attached to a pin 
124 in the transmitter core 62 and wrapped in a coun- 35 
terclockwise direction, indicated by arrow A in Fig. 3B, 
around the transmitter core twice, as shown by arrow B 
in Fig. 3A, to form the secondary winding 56. The trans- 
mitter coil 70 is then directed toward the transmitter face 

( . 100 where a section is fed through a first one of the slots 40 

106. 

[0026] The transmitter coil 70 is next wound in the 
counterclockwise direction in a weaving pattern indicat- 
ed by the arrows C in Fig. 3B. The transmitter coil 70 
extends around the respective portion of the cylindrical *s 
inner surface 104 defining each of the first transmitter 
pole segments 120, into each of the slots 106, and 
around the respective portion of the cylindrical outer sur- 
face 102 defining each of the second transmitter pole 
segments 122 as it is wound in the counterclockwise di- so 
rection. 

[0027] When the transmitter coil 70 is wound approx- 
imately 360° and is disposed adjacent the first one of 
the slots 106, another section of the transmitter coil is 
fed through the first one of the slots. The transmitter coil 55 
70 is then wound in a clockwise direction indicated by 
arrow D in Fig. 4B in a weaving pattern indicated by ar- 
rows E. The transmitter coil 70 extends around the re- 



spective portion of the cylindrical inner surface 104 de- 
fining each of the second transmitter pole segments 
122 ; into each of the slots 106, and then around the re- 
spective portion of the cylindrical outer surface 102 de- 
fining each of the first transmitter pole segments 1 20 as 
it is wound in the clockwise direction. During the clock- 
wise winding of the transmitter coil 70, a section of the 
transmitter coil 70 overlaps the section of the transmitter 
coil placed in each of the slots 106 during the counter- 
clockwise winding. The terminal end of the transmitter 
coil 70 is fed back to the pin 124, as indicated by arrow 
F in Fig. 4A, and soldered to the pin. 
[0028] The rotary receiver 72 is illustrated in Figs. 5A- 
8B. The receiver 72 is similar to the rotary transmitter 
60, but differs therefrom in that the receiver has twice 
the number of pole segments and two coils 76 and 78. 
The receiver core 74 has a face 140 extending radially 
between a cylindrical outer surface 1 42 and a cylindrical 
inner surface 144. A plurality of radially extending slots 
146 in the face 140 divide the face into a plurality of re- 
ceiver pole segments 148. In the illustrated embodi- 
ment, there are twenty-four receiver pole segments 148 
separated by twenty-four slots 146 spaced 15° apart. 
[0029] The plurality of receiver pole segments 148 
comprises alternating first and second receiver pole 
segment pairs 1 50 and 1 60. Each of the first and second 
receiver pole segment pairs 150 and 160 comprises an 
adjacent pair of the receiver pole segments 148. Each 
of the first receiver pole segment pairs 150 is disposed 
circumferentially between two of the second receiver 
pole segment pairs 1 60 and is separated from the sec- 
ond receiver pole segment pairs by a first group 152 of 
the plurality of slots 1 46 in the receiver face 1 40. A sec- 
ond group 1 54 of the plurality of slots 1 46 in the receiver 
face 140 extends between each of the adjacent receiver 
pole segments 148 in each of the first and second re- 
ceiver pole segment pairs 150 and 160. Each of the first 
and second receiver pole segment pairs 150 and 160 is 
partially defined by a respective portion of the cylindrical 
outer surface 142 and a respective portion of the cylin- 
drical inner surface 144. 

[0030] The first receiver coil 76 completely encircles 
each of the first receiver pole segment pairs 150 and 
has two sections disposed in each of the first group 1 52 
of slots 1 46 separating the first and second receiver pole 
segment pairs 150 and 160. The second receiver coil 
78 completely encircles each of a plurality of combined 
receiver pole segment pairs 1 70 comprising one of the 
receiver pole segments 1 48 in the first receiver pole seg- 
ment pairs 150 and an adjacently disposed one of the 
receiver pole segments 148 in the second receiver pole 
segment pairs 1 60. The second receiver coil 78 has two 
sections disposed in each of the second group 1 54 of 
slots 146 extending between each of the adjacent pairs 
of the receiver pole segments 148 in each of the first 
and second receiver pole segment pairs 150 and 160. 
[0031 ] The first receiver coil 76 is attached to a pin 
172 in the receiver core 74 and wrapped in the counter- 
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clockwise direction A around the receiver core twice, as 
shown by arrows G in Fig. 5A, to form the primary wind- 
ing 80. The first receiver coil 76 is then directed toward 
the receiver face 140 where a section of the coil is fed 
through a first one of the slots 1 46. The first receiver coil 
76 is wound in the counterclockwise direction A in a 
weaving pattern indicated by arrows H in Fig. 5B. The 
first receiver coil 76 extends around the respective por- 
tion of the cylindrical innersurface 144 defining each of 
the first receiver poie segment pairs i50, into each of 
the first group 152 of slots 146, and around the respec- 
tive portion of the cylindrical outer surface 142 defining 
each of the second receiver pole segment pairs 1 60. 
[0032] When the first receiver coil 76 is wound ap- 
proximately 360° and is disposed adjacent the first one 
of the slots 146, thefirst receiver coil is again fed through 
the first one of the slots. The first receiver coil 76 is then 
wound in the clockwise direction D in a weaving pattern 
indicated by arrows J in Fig. 6B. The first receiver coil 
76 extends around the respective portion of the cylindri- 
cal inner surface 144 defining each of the second re- 
ceiver pole segment pairs 160, into each of the first 
group 152 of slots 146, and around the respective por- 
tion of the cylindrical outer surface 142 defining each of 
the first receiver pole segment pairs 150. During the 
clockwise winding of the first receiver coil 76, a section 
of the first receiver coil overlaps the section of the first 
receiver coil placed in each of the first group 1 52 of slots 
146 during the counterclockwise winding. The terminal 
end of the first receiver coil 76 is fed back to the pin 1 72, 
as indicated by arrow K in Fig. 6A, and soldered to the 
pin. 

[0033] The second receiver coil 78 is attached to a 
second pin 1 74 on the opposite side of the receiver core 
74 from the pin 172. The second receiver coil 78 is 
wrapped in the counterclockwise direction A around the 
receiver core 74 twice, as shown by arrows L in Fig. 7A, 
to form the primary winding 82. The second receiver coil 
78 is then directed toward the receiver face 140 and a 
section of the coil is fed through one of the slots 146. 
The second receiver coil 78 is wound in the counter- 
clockwise direction A in a weaving pattern as indicated 
by arrows M in Fig. 7B. The second receiving coil 78 
extends around the respective portion of the cylindrical 
inner surface 144 of a first half 1 80 of the combined re- 
ceiver pole segment pairs 170, into each of the second 
groups 154 of slots 146. and around the respective por- 
tion of the cylindrical outer surface 142 of a second half 
182 of the combined receiver pole segment pairs 170. 
The first half 1 80 of the combined receiver pole segment 
pairs 170 and the second half 1 82 of the combined re- 
ceiver pole segment pairs are alternately disposed rel- 
ative to one another. 

[0034] When the second receiver coil 78 is wound ap- 
proximately 360°, the second receiver coil is wound in 
the clockwise direction D around the respective portion 
of the cylindrical inner surface 144 of the second half 
182 of the combined receiver pole segment pairs 1 70, 



into each of the second group 154 of slots 146, and 
, around the respective portion of the cylindrical outer sur- 
face 142 of the first half 180 of the combined receiver 
pole segment pairs 170. During the clockwise winding 

5 of the second receiver coil 78, a section of the second 
receiver coil overlaps the section of coil placed in each 
of the second group 1 54 of slots as the second receiver 
coil was wound in the counterclockwise direction. The 
terminal end of the second receiver coil 78 is fed back 

io to the pin 1 74, as indicated by arrow N, and soldered to 
the pin. 

[0035] The basic operation of the torque sensor 32 
described herein is known from U.S. Patent No. 
5,442,956. Referring to Fig. 2A, the input V 1 and output 
15 V^, v o3 voltages are shown. An excitation voltage into 
the transmitter section is: 



V 1 = A sin an 



20 



where A is a constant, and wherein cor is the frequency 
of excitation, typically 200 kHz. Fig. 2A shows the trans- 
mitter coil set 70 at an electromechanical angle 0 with 
respect to the receiver coils 76 and 78. 0 is the axial 

25 angle of electromechanical alignment between the 
transmitter 60 and the receiver 72, where 360° of 0 rep- 
resents 2/P of a revolution and, where P is the number 
of segments. Thus, one electromechanical "revolution" 
is equal to 30 mechanical degrees. The output pattern 

30 of the voltage signals versus relative rotation between 
the transmitter 60 and the receiver 72 repeats itself 
twelve times per one mechanical revolution. This fact 
represents an amplified sensitivity of the sensortransfer 
function of output voltage amplitude versus mechanical 

35 rotation. 

[0036] Since the conductor pattern has relatively nar- 
row conductor paths and relatively larger coil areas, the 
inductive coupling between the transmitter coil 70 and 
receiver coils 76 and 78 is linearly proportional to the 

40 electromechanical angle 0 over a limited range. The 
winding patterns of the transmitter coil 70 and the re- 
ceiver coils 76 and 78, respectively, provides the torque 
sensor 32 with improved signal to noise ratios and re- 
duces partto part variation. Flux leakage is also reduced 

45 by completely encircling each transmitter pole segment 
with portions of the transmitter coil and each receiver 
pole segment with portions of the two receiver coils. 
[0037] From the above description of the invention, 
those skilled in the art will perceive improvements, 

50 changes and modifications. Such improvements, 
changes and modifications within the skill of the art are 
intended to be covered by the appended claims. 



55 



SUMMARY OF THE INVENTION 
[0038] 

1 . A torque sensor for a power assist steering sys- 
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tern for sensing applied torque between relatively 
rotatable input and output shafts, the input shaft be- 
ing connected with the output shaft by a torsion el- 
ement, said torque sensor comprising: 

5 

a rotary input transformer for providing an input 
signal; 

a rotary transmitter connected for rotation with 
the input shaft, said rotary transmitter having a 
radially extending transmitter face divided into 10 
a plurality of transmitter pole segments by a plu- 
rality of radially extending slots, 
said rotary transmitter including a transmitter 
coil electrically connected with said rotary input 
transformer, said transmitter coil completely is 
encircling each of said transmitter pole seg- 
ments individually and having two sections of 
said transmitter coil disposed in each of said 
plurality of slots; 

a rotary receiver axially spaced from said rotary 20 
transmitter and connected for rotation with the 
output shaft, said rotary receiver including at 
least one receiver coil; and 
a rotary output transformer for providing an out- 
put signal, said rotary output transformer being 25 
electrically connected with said at least one re- 
ceiver coil. 

2. The torque sensor of item 1 wherein said rotary 
transmitter has a cylindrical outer surface and a cy- 30 
lindrical inner surface, each of said transmitter pole 
segments being partially defined by a respective 
portion of said cylindrical outer surface and a re- 
spective portion of said cylindrical inner surface. 

35 

3. The torque sensor of item 2 wherein each of said 
transmitter pole segments is further defined by ra- 
dially extending first and second side surfaces, 
each of said first side surfaces partially defining one 

of said plurality of radially extending slots on one 40 
side of each transmitter pole segment, each of said 
second side surfaces partially defining another of 
said plurality of radially extending slots on the other 
side of each transmitter pole segment. 

45 

4. The torque sensor of item 3 wherein said plurality 
of transmitter pole segments comprises alternating 
first and second transmitter pole segments, each of 
said first transmitter pole segments being circum- 
ferentially disposed between two of said second so 
transmitter pole segments. 

5. The torque sensor of item 4 wherein said trans- 
mitter coil is wound in a first direction around said 
respective portion of said cylindrical outer surface 55 
defining each of said first transmitter pole segments 
and around said respective portion of said cylindri- 
cal inner surface defining each of said second trans- 



mitter pole segments, a first one of said two sections 
of said transmitter coil being placed in each of said 
radially extending slots as said transmitter coil is 
wound in said first direction. 

6. The torque sensor of item 5 wherein said trans- 
mitter coil is wound in a second direction opposite 
said first direction around said respective portion of 
said cylindrical inner surface defining each of said 
first transmitter pole segments and around said re- 
spective portion of said cylindrical outer surface de- 
fining each of said second transmitter pole seg- 
ments, a second one of said two sections of said 
transmitter coil being placed in each of said radially 
extending slots as said transmitter coil is wound in 
said second direction. 

7. The torque sensor of item 1 wherein said rotary 
input transformer has a stationary primary winding 
and a rotary secondary winding, said rotary second 
winding being drivingly connected for rotation with 
the input shaft and electrically connected to said 
transmitter coil for providing an input signal to said 
transmitter coil. 

8. The torque sensor of item 1 wherein said rotary 
output transformer has a rotary primary winding and 
a stationary secondary winding, said rotary primary 
winding being drivingly connected for rotation with 
the output shaft and electrically connected to said 
at least one receiver coil for receiving an output sig- 
nal from said at least one receiver coil. 

9. The torque sensor of item 1 wherein said rotary 
receiver has a radially extending receiver face com- 
prising a plurality of receiver pole segments, said at 
least one receiver coil completely encircling each of 
said receiver pole segments individually. 

1 0. A torque sensor for a power assist steering sys- 
tem for sensing applied torque between relatively 
rotatable input and output shafts, the input shaft be- 
ing connected with the output shaft by a torsion el- 
ement, said torque sensor comprising: 

a rotary input transformer for providing an input 
signal; 

a rotary transmitter connected for rotation with 
the input shaft, said rotary transmitter including 
a transmitter coil electrically connected with 
said rotary input transformer; 
a rotary receiver axially spaced from said rotary 
transmitter and connected for rotation with the 
output shaft, said rotary receiver having a radi- 
ally extending receiver face divided into a plu- 
rality of receiver pole segments by a plurality of 
radially extending slots, 

said rotary receiver including a receiver coil set 
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completely encircling each of said receiver pole 
segments individually, said receiver coil set 
having two sections disposed in each of said 
plurality of slots; and 

at least one rotary output transformer for pro- 5 
viding an output signal, said at least one rotary 
output transformer being electrically connected 
with said receiver coil set. 

11 . The torque sensor of item 10 wherein said plu- 10 
rality of receiver pole segments comprises alternat- 
ing first and second receiver pole segment pairs, 
each of said first and second receiver pole segment 
pairs comprising an adjacent pair of said receiver 
pole segments, each of said first receiver pole seg- 15 
ment pairs being disposed circumferentially be- 
tween two of said second receiver pole segment 
pairs and being separated from said second receiv- 
er pole segment pairs by a first group of said plural- 
ity of slots in said receiver face, a second group of 20 
said plurality of slots in said receiver face extending 
between each of said adjacent pairs of said receiver 
pole segments in each of said first and second re- 
ceiver pole segment pairs. 

25 

12. The torque sensor of item 11 wherein said re- 
ceiver coil set comprises a first receiver coil and a 
second receiver coil, said first receiver coil com- 
pletely encircling each of said first receiver pole 
segment pairs and having two sections disposed in 30 
each of said first group of slots separating said first 
and second receiver pole segment pairs, said sec- 
ond receiver coil completely encircling each of a 
plurality of combined receiver pole segment pairs 
comprising one of said receiver pole segments in 35 
said first receiver pole segment pairs and an adja- 
cently disposed one of said receiver pole segments 

in said second receiver pole segment pairs, said 
second receiver coil having two sections disposed 
in each of said second group of slots extending be- 40 
tween each of said adjacent pairs of said receiver 
pole segments in each of said first and second re- 
ceiver pole segment pairs. 

13. The torque sensor of item 12 wherein said at 45 
least one rotary output transformer comprises first 
and second rotary output transformers, said first ro- 
tary output transformer being electrically connected 
with said first receiver coil for receiving a first output 
signal from said first receiver coil, said second ro- so 
tary output transformer being electrically connected 
with said second receiver coil for receiving a second 
output signal from said second receiver coil. 

14. The torque sensor of item 13 wherein each of 55 
said first and second rotary output transfo rmers has 

a rotary primary winding and a stationary secondary 
winding, said rotary primary windings being driving- 



ly connected for rotation with the output shaft. 

1 5. The torque sensor of item 1 3 wherein said rotary 
input transformer has a stationary primary winding 
and a rotary secondary winding, said rotary second 
winding being drivingly connected for rotation with 
the input shaft and electrically connected to said 
transmitter coil for providing an input signal to said 
transmitter coil. 

1 6. The torque sensor of item 1 2 wherein said rotary 
receiver has a cylindrical outer surface and a cylin- 
drical inner surface, each of said first and second 
receiver pole segment pairs being partially defined 
by a respective portion of said cylindrical outer sur- 
face and a respective portion of said cylindrical in- 
ner surface. 

1 7. The torque sensor of item 1 6 wherein said first 
receiver coil is wound in a first direction around said 
respective portion of said cylindrical outer surface 
defining each of said first receiver pole segment 
pairs and around said respective portion of said cy- 
lindrical inner surface defining each of said second 
receiver pole segment pairs, a first one of said two 
sections of said first receiver coil being placed in 
each of said first group of slots as said first receiver 
coil is wound in said first direction. 

18. The torque sensor of item 17 wherein said first 
receiver coil is wound in a second direction opposite 
said first direction around said respective portion of 
said cylindrical inner surface defining each of said 
first receiver pole segment pairs and around said 
respective portion of said cylindrical outer surface 
defining each of said second receiver pole segment 
pairs, a second one of said two sections of said first 
receiver coil being placed in each of said first group 
of slots as said first receiver coil is wound in said 
second direction. 

1 9. The torque sensor of item 1 2 wherein said rotary 
receiver has a cylindrical outer surface and a cylin- 
drical inner surface, each of said plurality of com- 
bined receiver pole segment pairs being partially 
defined by a respective portion of said cylindrical 
outer surface and a respective portion of said cylin- 
drical inner surface. 

20. The torque sensor of item 19 wherein said sec- 
ond receiver coil is wound in a first direction around 
said respective portion of said cylindrical outer sur- 
face of a first half of said combined receiver pole 
segment pairs and around said respective portion 
of said cylindrical inner surface of a second half of 
said combined receiver pole segment pairs, said 
first half of said combined receiver pole segment 
pairs and said second half of said combined receiv- 
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er pole segment pairs being alternately disposed 
relative to one another, 

a first one of said two sections of said second 
receiver coil being placed in each of said second 
group of slots as said second receiver coil is wound 5 
in said first direction. 

21 . The torque sensor of item 20 wherein said sec- 
ond receiver coil is wound in a second direction op- 
posite said first direction around said respective 10 
portion of said cylindrical inner surface of said first 
half of said combined receiver pole segment pairs 
and around said respective portion of said cylindri- 
cal outer surface of said second half of said com- 
bined receiver pole segment pairs, a second one of *5 
said two sections of said second receiver coil being 
placed in each of said second group of slots as said 
second receiver coil is wound in said second direc- 
tion. 

20 

22. A torque sensor for a power assist steering sys- 
tem for sensing applied torque between relatively 
rotatable input and output shafts, the input shaft be- 
ing connected with the output shaft by a torsion el- 
ement, said torque sensor comprising: 25 

a rotary input transformer; 
a rotary transmitter connected for rotation with 
the input shaft, said rotary transmitter having a 
radially extending transmitter face divided into 30 
a plurality of transmitter pole segments by a plu- 
rality of radially extending first slots, 
said rotary transmitter including a transmitter 
coil electrically connected with said rotary input 
transformer, said transmitter coil completely 35 
encircling each of said transmitter pole seg- 
ments individually and having two sections dis- 
posed in each of said plurality of transmitter 
slots; 

a rotary receiver axially spaced from said rotary 40 
transmitter and connected for rotation with the 
output shaft, said rotary receiver having a radi- 
ally extending receiver face divided into a plu- 
rality of receiver pole segments by a plurality of 
radially extending receiver slots, 45 
said plurality of receiver pole segments com- 
prises alternating first and second receiver pole 
segment pairs, each of said first and second re- 
ceiver pole segment pairs comprising an adja- 
cent pair of said receiver pole segments : each 50 
of said first receiver pole segment pairs being 
disposed circumferentially between two of said 
second receiver pole segment pairs and being 
separated from said second receiver pole seg- 
ment pairs by a first group of said plurality of 55 
receiver slots in said receiver face, a second 
group of said plurality of receiver slots in said 
receiver face extending between each of said 



adjacent pairs of said receiver pole segments 
in each of said first and second receiver pole 
segment pairs; 

said rotary receiver further including a first re- 
ceiver coil and a second receiver coil, said first 
receiver coil completely encircling each of said 
first receiver pole segment pairs and having two 
sections disposed in each of first group of re- 
ceiver slots separating said first and second re- 
ceiver pole segment pairs, said second receiv- 
er coil completely encircling each of a plurality 
of combined receiver pole segment pairs com- 
prising one of said first receiver pole segment 
pairs and an adjacently disposed one of said 
second receiver pole segment pairs, said sec- 
ond receiver coil having two sections disposed 
in each of said second group of receiver slots 
extending between each of said adjacent pairs 
of said receiver pole segments in each of said 
first and second receiver pole segment pairs; 
and 

first and second rotary output transformers, 
said first rotary output transformer being elec- 
trically connected with said first receiver coil 
and said second rotary output transformer be- 
ing electrically connected with said second re- 
ceiver coil. 



Claims 

1 . A torque sensor for a power assist steering system 
for sensing applied torque between relatively rotat- 
able input and output shafts, the input shaft being 
connected with the output shaft by a torsion ele- 
ment, said torque sensor comprising: 

a rotary input transformer for providing an input 
signal; 

a rotary transmitter connected for rotation with 
the input shaft, said rotary transmitter having a 
radially extending transmitter face divided into 
a plurality of transmitter pole segments by a plu- 
rality of radially extending slots, 
said rotary transmitter including a transmitter 
coil electrically connected with said rotary input 
transformer, said transmitter coil completely 
encircling each of said transmitter pole seg- 
ments individually and having two sections of 
said transmitter coil disposed in each of said 
plurality of slots; 

a rotary receiver axially spaced from said rotary 
transmitter and connected for rotation with the 
output shaft, said rotary receiver including at 
least one receiver coil; and 
a rotary output transformer for providing an out- 
put signal, said rotary output transformer being 
electrically connected with said at least one re- 
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ceiver coil. 

2. The torque sensor of claim 1 wherein said rotary 
transmitter has a cylindrical outer surface and a cy- 
lindrical inner surface, each of said transmitter pole 5 
segments being partially defined by a respective 
portion of said cylindrical outer surface and a re- 
spective portion of said cylindrical inner surface. 



and/ or wherein preferably said rotary output 
transformer has a rotary primary winding and a 
stationary secondary winding ; said rotary pri- 
mary winding being drivingly connected for ro- 
tation with the output shaft and electrically con- 
nected to said at least one receiver coil for re- 
ceiving an output signal from said at least one 
receiver coil. 



and/ or wherein preferably each of said trans- 10 
mitter pole segments is further defined by radi- 
ally extending first and second side surfaces, 
each of said first side surfaces partially defining 
one of said plurality of radially extending slots 
on one side of each transmitter pole segment, is 
each of said second side surfaces partially de- 
fining another of said plurality of radially ex- 4. 
tending slots on the other side of each trans- 
mitter pole segment. 

20 

and/ or wherein preferably said plurality of 
transmitter pole segments comprises alternat- 
ing first and second transmitter pole segments, 
each of said first transmitter pole segments be- 
ing circumferentially disposed between two of 25 
said second transmitter pole segments. 

and/ or wherein preferably said transmitter coil 
is wound in a first direction around said respec- 
tive portion of said cylindrical outer surface de- 30 
fining each of said first transmitter pole seg- 
ments and around said respective portion of 
said cylindrical inner surface defining each of 
said second transmitter pole segments, a first 
one of said two sections of said transmitter coil 35 
being placed in each of said radially extending 
slots as said transmitter coil is wound in said 
first direction. 

3. The torque sensor of any of the preceding claims 40 
wherein said transmitter coil is wound in a second 
direction opposite said first direction around said re- 
spective portion of said cylindrical inner surface de- 
fining each of said first transmitter pole segments 
and around said respective portion of said cylindri- 45 5. 
cal outer surface defining each of said second 
transmitter pole segments, a second one of said two 
sections of said transmitter coil being placed in each 
of said radially extending slots as said transmitter 
coil is wound in said second direction. so 

and/ or wherein preferably said rotary input 
transformer has a stationary primary winding 
and a rotary secondary winding, said rotary 
second winding being drivingly connected for 55 
rotation with the input shaft and electrically con- 
nected to said transmitter coil for providing an 
input signal to said transmitter coil. 



and/ or wherein preferably said rotary receiver 
has a radially extending receiver face compris- 
ing a plurality of receiver pole segments, said 
at least one receiver coil completely encircling 
each of said receiver pole segments individual- 
ly. 

A torque sensor for a power assist steering system 
for sensing applied torque between relatively rotat- 
able input and output shafts, the input shaft being 
connected with the output shaft by a torsion ele- 
ment, said torque sensor comprising: 

a rotary input transformer for providing an input 
signal; 

a rotary transmitter connected for rotation with 
the input shaft, said rotary transmitter including 
a transmitter coil electrically connected with 
said rotary input transformer; 
a rotary receiver axially spaced from said rotary 
transmitter and connected for rotation with the 
output shaft, said rotary receiver having a radi- 
ally extending receiver face divided into a plu- 
rality of receiver pole segments by a plurality of 
radially extending slots : 

said rotary receiver including a receiver coil set 
completely encircling each of said receiver pole 
segments individually, said receiver coil set 
having two sections disposed in each of said 
plurality of slots; and 

at least one rotary output transformer for pro- 
viding an output signal, said at least one rotary 
output transformer being electrically connected 
with said receiver coil set. 

The torque sensor of any of the preceding claims 
wherein said plurality of receiver pole segments 
comprises alternating first and second receiver pole 
segment pairs, each of said first and second receiv- 
er pole segment pairs comprising an adjacent pair 
of said receiver pole segments, each of said first 
receiver pole segment pairs being disposed circum- 
ferentially between two of said second receiver pole 
segment pairs and being separated from said sec- 
ond receiver pole segment pairs by a first group of 
said plurality of slots in said receiver face, a second 
group of said plurality of slots in said receiver face 
extending between each of said adjacent pairs of 
said receiver pole segments in each of said first and 
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pairs and around said respective portion of said 
cylindrical inner surface defining each of said 
second receiver pole segment pairs ; a first one 
of said two sections of said first receiver coil be- 
5 ing placed in each of said first group of slots as 

said first receiver coil is wound in said first di- 
rection. 

and/ or wherein preferably said first receiver 
™ coil is wound in a second direction opposite 

said first direction around said respective por- 
tion of said cylindrical inner surface defining 
each of said first receiver pole segment pairs 
and around said respective portion of said cy- 
15 lindrical outer surface defining each of said sec- 

ond receiver pole segment pairs, a second one 
of said two sections of said first receiver coil be- 
ing placed in each of said first group of slots as 
said first receiver coil is wound in said second 
20 direction. 

8. The torque sensor of any of the preceding claims 
wherein said rotary receiver has a cylindrical outer 
surface and a cylindrical inner surface, each of said 
25 plurality of combined receiver pole segment pairs 
being partially defined by a respective portion of 
said cylindrical outer surface and a respective por- 
tion of said cylindrical inner surface. 



second receiver pole segment pairs. 

and/ or wherein preferably said receiver coil 
set comprises a first receiver coil and a second re- 
ceiver coil, said first receiver coil completely encir- 
cling each of said first receiver pole segment pairs 
and having two sections disposed in each of said 
first group of slots separating said first and second 
receiver pole segment pairs, said second receiver 
coil completely.encircling each of a plurality of com- 
bined receiver pole segment pairs comprising one 
of said receiver pole segments in said first receiver 
pole segment pairs and an adjacently disposed one 
of said receiver pole segments in said second re- 
ceiver pole segment pairs, said second receiver coil 
having two sections disposed in each of said sec- 
ond group of slots extending between each of said 
adjacent pairs of said receiver pole segments in 
each of said first and second receiver pole segment 
pairs. 

6. The torque sensor of any of the preceding claims 
wherein said at least one rotary output transformer 
comprises first and second rotary output transform- 
ers, said first rotary output transformer being elec- 
trically connected with said first receiver coil for re- 
ceiving a first output signal from said first receiver 
coil, said second rotary output transformer being 
electrically connected with said second receiver coil 
for receiving a second output signal from said sec- 
ond receiver coil. 30 

and/ or wherein preferably each of said first and 
second rotary output transformers has a rotary 
primary winding and a stationary secondary 
winding, said rotary primary windings being 35 
drivingly connected for rotation with the output 
shaft. 

and/ or wherein preferably said rotary input 
transformer has a stationary primary winding 40 
and a rotary secondary winding, said rotary 
second winding being drivingly connected for 
rotation with the input shaft and electrically con- 
nected to said transmitter coil for providing an 
input signal to said transmitter coil. *5 

7. The torque sensor of any of the preceding claims 
whereir said rotary receiver has a cylindrical outer 
surface and a cylindrical inner surface, each of said 
first and second receiver pole segment pairs being 50 
partially defined by a respective portion of said cy- 
lindrical outer surface and a respective portion of 
said cylindrical inner surface. 

and/ or wherein preferably said first receiver 55 
coil is wound in a first direction around said re- 
spective portion of said cylindrical outer surface 
defining each of said first receiver pole segment 



and/ or wherein preferably said second receiver 
coil is wound in a first direction around said re- 
spective portion of said cylindrical outersurface 
of a first half of said combined receiver pole 
segment pairs and around said respective por- 
tion of said cylindrical inner surface of a second 
half of said combined receiver pole segment 
pairs, said first half of said combined receiver 
pole segment pairs and said second half of said 
combined receiver pole segment pairs being al- 
ternately disposed relative to one another, 

a first one of said two sections of said second 
receiver coil being placed in each of said sec- 
ond group of slots as said second receiver coil 
is wound in said first direction. 

and/ or wherein preferably said second receiver 
coil is wound in a second direction opposite 
said first direction around said respective por- 
tion of said cylindrical inner surface of said first 
half of sard combined receiver pole segment 
pairs and around said respective portion of said 
cylindrical outer surface of said second half of 
said combined receiver pole segment pairs, a 
second one of said two sections of said second 
receiver coil being placed in each of said sec- 
ond group of slots as said second receiver coil 
is wound in said second direction. 
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A torque sensor for a power assist steering system 
for sensing applied torque between relatively rotat- 
able input and output shafts, the input shaft being 
connected with the output shaft by a torsion ele- 
ment, said torque sensor comprising: 5 

a rotary input transformer; 
a rotary transmitter connected for rotation with 
the input shaft, said rotary transmitter having a 10. 
radially extending transmitter face divided into 
a plurality of transmitter pole segments by a plu- 
rality of radially extending first slots, 
said rotary transmitter including a transmitter 
coil electrically connected with said rotary input 
transformer, said transmitter coil completely 
encircling each of said transmitter pole seg- 
ments individually and having two sections dis- 
posed in each of said plurality of transmitter 
slots; 

a rotary receiver axially spaced from said rotary 
transmitter and connected for rotation with the 
output shaft, said rotary receiver having a radi- 
ally extending receiver face divided into a plu- 
rality of receiver pole segments by a plurality of 
radially extending receiver slots, 
said plurality of receiver pole segments com- 
prises alternating first and second receiver pole 
segment pairs, each of said first and second re- 
ceiver pole segment pairs comprising an adja- 
cent pair of said receiver pole segments, each 
of said first receiver pole segment pairs being 
disposed circumferentially between two of said 
second receiver pole segment pairs and being 
separated from said second receiver pole seg- 
ment pairs by a first group of said plurality of 
receiver slots in said receiver face, a second 
group of said plurality of receiver slots in said 
receiver face extending between each of said 
adjacent pairs of said receiver pole segments 
in each of said first and second receiver pole 40 
segment pairs; 

said rotary receiver further including a first re- 
ceiver coil and a second receiver coil, said first 
receiver coil completely encircling each of said 
first receiver pole segment pairs and having two 45 
sections disposed in each of first group of re- 
ceiver slots separating said first and second re- 
ceiver pole segment pairs, said second receiv- 
er coil completely encircling each of a plurality 
of combined receiver pole segment pairs com- 
prising one of said first receiver pole segment 
pairs and an adjacently disposed one of said 
second receiver pole segment pairs, said sec- 
ond receiver coil having two sections disposed 
in each of said second group of receiver slots 
extending between each of said adjacent pairs 
of said receiver pole segments in each of said 
first and second receiver pole segment pairs; 
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and 

first and second rotary output transformers, 
said first rotary output transformer being elec- 
trically connected with said first receiver coil 
and said second rotary output transformer be- 
ing electrically connected with said second re- 
ceiver coil. 

A torque sensor for a power assist steering system 
for sensing applied torque between relatively rotat- 
able input and output shafts, the input shaft being 
connected with the output shaft by a torsion ele- 
ment, said torque sensor comprising: 

a rotary input transformer for providing an input 
signal; 

a rotary transmitter connected for rotation with 

the input shaft; 

a rotary receiver; and 

a rotary output transformer. 
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(54) Torque sensor for a power assist steering system 



(57) A torque sensor (32) for a power assist steering 
system (1 0) for sensing applied torque between relative- 
ly rotatable input and output shafts (16, 17) which are 
connected by a torsion element (18) comprises an input 
transformer (T 1 ) and a rotary transmitter (60) connected 
for rotation with the input shaft. The rotary,transmitter 
(60) has a plurality of transmitter pole segments (108) 
defined by a plurality of slots (1 06). The rotary transmit- 
ter (60) includes a transmitter coil (70) electrically con- 



nected with the input transformer (T1). The transmitter 
coil (70) completely encircles each of the transmitter 
pole segments (108) individually and has two sections 
disposed in each of the plurality of slots (106). A rotary 
receiver (72) is axially spaced from the rotary transmitter 
(60) and is connected for rotation with the output shaft 
(1 7). The rotary receiver (72) includes a pair of one re- 
ceiver coils (76, 78). Output transformers (T2, T3) are 
respectively electrically connected with the receiver 
coils (76, 78). 
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